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INTRODUCTION 

It has been demonstrated that chlorophyll synthesis is related to protein syn¬ 
thesis and that the inhibition of protein synthesis in leaves results in the inhibition 
of chlorophyll synthesis'*’. Chloramphenicol and actidione have been reported to 
inhibit chlorophyll synthesis in previous works'*-"-’*’. 

Chloramphenicol was shown as the specific inhibitor of protein synthesis in 
bacteria'*’, while actidione was reported to inhibit the protein synthesis of alfcae, 
fungi, higher plants and animals, but not bacteria.'**’ 

Studies on the effects of chloramphenicol on a variety of synthetic processes 
induced by the aging of the red beet have shown that the primary site of action of 
these compounds is on some other process rather than on protein synthesis in the 
plant.'*.*-’*-'*’ It has been widely accepted that cytoplasmic ribosomes of plant and 
animal cells are SOS, while ribosomes from bacteria are 70S. Recently, it has been 
demonstrated that chloroplasts contain 70S ribosome.'**’ It has been suggested in a 
previous report that chloramphenicol inhibited the function of 70S ribosomes and 
actidione inhibited the function of SOS ribosomes.'*" 

When etiolated seedling leaves are illuminated by light, protochlorophyllide a 
in leaves is converted rapidly by a nonenzymatic photochemical reaction to chloro- 
phyllide a; the chlorophyllide a so formed is converted enzymatically to chlorophyll 
a without the need of light. The period between the initial conversion of proto¬ 
chlorophyllide to chlorophyllide and the maximal rate of chlorophyll accumulation 
has been termed the lag phase. The lag phase may last for a few minutes or 
several hours according to the species and age of plant.'*’ The lag phase can be 
shortened or abolished by treating the plant with a short light period followed by a 
period of incubation in long darkness.'"’ The lag phase in the formation of chloro¬ 
phyll was suggestive of an enzymatic adaptation. Such an interpretation suggests 
that brief illumination followed by a period of prolonged darkness eliminated the 
lag phase by resulting in the synthesis of enzymes necessary for chlorophyll for¬ 
mation.'"’ 

In this experiment, first, we tried to ascertain whether chloramphenicol and 
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actidione could inhibit protein synthesis in the embryo of soybean seeds during 
germination and to find the proper concentration of the antibiotics that would effect 
the chlorophyll synthesis in leaves. Secondly, we tried to ieam whether chloram¬ 
phenicol or actidione could inhibit the formation of the light-induced enzymes which 
are needed for chlorophyll synthesis. 

MATERIALS AND METHODS 

(1) The analysis of the protein content of the embryo during germination. 

Soybean seeds were washed in tap water to wash off any fungal spores. After 
the seeds were washed, 30 seeds were placed in a 10 cm diameter petri dish, then 
IS ml of an antibiotic solution was added to the petri dish. After incubation in the 
dark at about 30°C for 50 hours, eight germinating embryos were thoroughly ground 
in a mortar and pestle; 20 ml of distilled water was then added. The homogenate 
was poured into a large centrifuge tube, and another 10 ml of water was added to 
the mortar to wash out ail the remaining homogenate and this also was poured into 
the centrifuge tube making a total volume of 30 ml. This was then centrifuged at 
700 g for 10 minutes. 5 ml of 10^^ TCA was used to precipitate the proteins in 5 ml 
of the supernatent. This was mixed well and left to stand for at least 30 minutes 
in a refrigerator; then it was centrifuged at 950 g for ten minutes. The protein in 
the pellet was dissolved in 10 ml 0.1 N NaOH, then analyzed for its protein content 
by the Lowry method.™’ 

(2 ) The snalysis of chlorophyll content of leaves 

Soybean plants were grown in the dark for 6 days at about 26°C, and leaver 
with a cotyledon and a piece of hypocotyl attached were treated with an antibiotic 
solution™’. 

Illumination was performed with white fluorescent tubes at an intensity of 420C 
Lux and at about 28"C. Chlorophyll was extracted with 80^^ acetone and the total 
chlorophyll content was determined spectrophotometrically by the Amon method.”’ 
All manipulation of the plants prior to illumination was performed under a dim 
safe light.™’ 

RESULTS 

Chloramphenicol does not inhibit protein synthesis in embryos, whether the 
treatment is applied at the beginning of germination or after 24 hours of germina¬ 
tion in distilled water (Table I). On the contrary actidione (2/ig/ml or 5/ig/ml) 
inhibits 40.^ of the protein synthesis after 24 hours of germination in distilled 
water (Table II). Greater inhibition of protein synthesis in embryos occurs if they 
are treated with actidione at the beginning of germination. 

Chloramphenicol does not affect the germination of soybean seeds, and there is 
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Table I. The effect of chloramphenicol on protein synthesis of 
soybean seed embryo in germination for 50 hrs. 


control (HiO) 

chloramphenicol (as mg/ml) 
chloramphenicol (1 mg/ml) 
control (HtO) 

chloramphenicol (0.5 mg/ml) 
chloramphenicol (1 mg/ml) 




Table II. The effect of actidione on protein synthesis of soybean seed 
embryo in germination for 50 hrs. Actidione was added 
after 24 hrs of germination in distilled water. 


1. control (11,0) 
actidione (2pg/ml) 
actidione (5pg/ml) 

2. control (H,0) 
actidione (2Mg/rol) 
actidione (Sj.g/ml) 


2.025 

4.980 

2.940 




no morphological difference in the germinating embryos between those treated with 
chloramphenicol and the controls. Actidione completely inhibited the germination of 
soybean seeds at a concentration of 2/tg/ml or above, provided that the actidione 
was applied at the beginning of germination; and embryos of soybean seeds germi¬ 
nating in actidione were smaller and more delicate than the controls, if the seeds 
were first germinated in distilled water for 24 hours and then placed in the actidione 
solution for 26 hours. So in the following experiment, 2/<g/ml concentration of 
actidione and 1 mg/ml concentration of chloramphenicol were used to make com¬ 
parative studies of the inhibition of chlorophyll synthesis. 

The leaves of excised etiolated seedlings were treated with antibiotic solutions, 
and then placed under light. The illuminated leaves were removed at the end 4, 6, 
and 8 hour intervals for analysis of their chlorophyll content. The results are 
shown in Table III and IV, a 1 mg/ml solution of chloramphenicol inhibited chloro¬ 
phyll synthesis about 40?i. However the synthesis of chlorophyll in leaves treated 
with actidione was only slightly inhibited. Plants placed under 4 hours of illumina¬ 
tion, showed no inhibition of chlorophyll synthesis after treatment with actidione 
and plants illuminated for 6 or 8 hours only showed slight inhibition. 
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Table III. The effect of chloramphenicol (lmg,ml) on chlorophyll synthesis of 
soybean leaves. Chloramphenicol was added before illumination. 


Illumination Chlorophyll content 

4 hr. <)ig/g Ireah wt) 


Chlorophyll ^ontent 


control (H|0) 
chloramphenicol 


control (H.O) 316 

chloramphenicol 186 


Table IV. The effect of actidione (2/<g/mI} on chlorophyll synthesis of 
soybean leaves. Actidione was added before iliumination. 


Exp. 

Illuroinition 
4 hr. 

Chlorophyll 

Illumination 

Chlorophyll 

Illumination 

1 Chlorophyll 


(ng/glrwhwt) 


(^*«/”"rea"h wt.) 


Lg/“frMh wt) 

1. 

control 

125 

control 

276 

control 

I 468 


actidione 

125 

actidione 

256 

actidione 

I 419 

2. 

control 

136 

control 

260 

control 

1 483 


actidione 

137 

actidione 

229 

actidione 

1 421 

3. 

control 

145 

! control 

291 

control 

443 


actidione 

140 

actidione 

283 

actidione 

413 

4. 

control 

126 

control 

292 




actidione 

118 

actidione 

283 



5. 

actidione 

327 






The lag phase for chlorophyll synthesis of etiolated leaves is abolished when a 
short period of illumination proceeds incubation (Fig. 1). In the above case, if the 
antibiotic was added at any of the following times, e. g. just before the 10 minutes 
of short illumination, or just after the 10 minutes of short illumination or 11 hours 
after the illumination, or at the end of 24 hours of darkness; then following this 
illuminated again for 6 hours, the following results were obtained and are given in 
Table V and VI, and these indicate that chloramphenicol will inhibit the formation 
of the enzymes concerned with the synthesis in the 24-hour dark period.* 

The leaves of etiolated seedings were grown under illumination for a total of 
eight hours, some were only left in distilled water for one hour and then trans¬ 
ferred to a solution of chloramphenicol for 7 hours, others were left in distilled 
water for 2 or 3 or 5 hours before being transferred to the antibiotic solution. 
The influence of chloramphenicol on chlorophyll synthesis is shown in Fig. 2. The 
leaves that were treated with chlorampenicol after 1 or 2 hours of incubation in 
the light showed a significant inhibition; the leaves treated with chloramphenicol 
after 3 or 5 hours in the water showed much less inhibition of chlorophyll synthesis. 
No change in chlorophyll content was found if the excised leaves were first treated 

* The inhibition was greater when the chlorara 


nphenicol was added at the beginning i 
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mg. 1. The effect of chlorophyll synthesis of eHolated leaves by long dark incubation after 
short period of illumination, 
a: No dark incubation is indicated as follows: 

b: Incubation in 24 hours of darkness after 10 minutes of illumination is indicated as 
follows: . 
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DISCUSSION 

It is commonly held that chloramphenicol has little effect on protein synthesis 
in higher plant.<*-“> Previous results suggested that the action of chloramphenicol 
on plant tissue was not the same as on bacterial systems. Ellis reported that 
chloramphenicol inhibits the development of ion uptake capacity by aging discs.'” 
Hanson’s experiments suggested that the inhibition of salt accumlation in plant tissue 
by chloramphenicol could be due to the uncoupling of oxidative phosphorylation 
rather than to the action of the compound as a specific inhibitor of protein syn¬ 
thesis.'” Further experiments showed that chloramphenicol increases the rate and 
extent of mitochondrial swelling which suggests that the compound acts by damag¬ 
ing the mitochondrial membrane rather than by specifically interferring with a 
phosphorylated intermediate.'’” Margulies has reported that synthesis of chloroplast 
protein is inhibited by chloramphenicol in excised and intact plants.'*” In contrast, 
protein synthesis in the cytoplasm of photosynthetic cells appears to be compara¬ 
tively insensitive to chloramphenicol.'*” Chloramphenicol selectively inhibits en¬ 
zymes in chloroplasts or the light induced formation of certain photosynthetic 
enzymes and the light-dependent incorporation of amino acids into the chloroplast 
fraction, but no such inhibition occurs in the cytoplasm.'’*-”-"’ Furthermore in 
contrast to the bacterial system, chloramphenicol docs not inhibit protein synthesis 
of the ribosome system of plant cells in a cell free system.'*-’” Kirk found that 
the inhibition of leucine incorporation into Euglena by actidione was the same in 
the dark as it was in the light; and suggested that the formation of cell protein, 
but not chloroplast protein was inhibited.*”’ 

It was widely accepted that cytoplasmic ribosomes of plant and animal cells are 
SOS but ribosomes from bacteria are 70S. Recently, it has been demonstrated that 
chloroplasts contain 70S ribosomes instead of SOS ribosomes. These reports lead to 
the suggestion that chloramphenicol inhibits the function of the 70S ribosome system. 
On the contrary, actidione docs not affect bacterial growth at all, but inhibits protein 
synthesis strongly in both plant and animal cells and leads to the suggestion that 
actidione interferes with the function of the SOS ribosome system.'"’ Recent find¬ 
ings of inhibition of mitochondrial protein synthesis by chloramphenicol suggest 
that mitochondria also possess their own ribosomes with properties closely related 
to those of bacteria and chloroplasts.'*’ 

Besides inhibitors of protein synthesis, the inhibitors of nucleic acids also inhibit 
the formation of chlorophyll in etiolated plant cells.”’ 

Chloramphenicol inhibits the formation of protein required for chlorophyli ac¬ 
cumulation during illumination of leaves; the formation of protein is necessary for 
enzyme synthesis.'"’ Leaves grown in the dark are capable of accumulating more 
protochlorophyllide than normal when supplied with i-aminolevulinic acid (ALA).'**’ 
Gassman and Bogorad have demonstrated that the inhibition of chlorophyll produc- 
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tion by chloramphenicol during stage III (a period of rapid chlorophyll synthesis 
which continues until the pigment content approaches that of the normal green leaf) 
can be partially overcome by the administration of ALA to weakly illuminated 
leaves.'” Furthermore, they found that ALA can relieve the chloramphenicol inhi¬ 
bition of protochlorophyllide resynthesis in etiolated bean leaves and they suggested 
that the limitation of the production of protochlorophyllide by etiolated leaves is 
due to a lack of a precursor, specifically ALA.'*> 

Experiments by Kirk et al‘‘” showed that the growth of Euglena in the light was 
abolished by actidione at a concentration of 30/ig/ml or above; and chlorophyll a 
synthesis of etiolated Euglena organisms incubated for 4 hours in the light is vir¬ 
tually abolished by actidione at concentration of 3/ig/ml or above. They suggested 
that actidione inhibits the synthesis of a protein, which has protochlorophyllide 
attached to it and is needed for reduction of protochlorophyllide to chlorophyll, or, 
for its incorporation of chlorophyll into lamellae. Gassman found that preincubation 
of leaves with very strong concentration (50/ig/ml) of actidione for 16 hours, in 
contrast to chloramphenicol, had no effect upon the regeneration of protochlorophyl- 
lide in vivo.'*’ It is obvious that chloramphenicol and actidione do not affect chloro¬ 
phyll synthesis of plants in the same way. 

This present study indicates that actidione inhibits protein synthesis of the seed 
embryo during germination. However chloramphenicol exhibits no such inhibition. 
This supports the theory that chloramphenicol has no effect on the protein synthesis 
of plants. This experiment showed that chloramphenicol applied during greening, 
does not stop chlorophyll formation immediately, and confirms the report of Mar- 
gulies, but disagrees with the report of Gassman. 

Chloramphenicol inhibits light-induced enzyme synthesis for the formation of 
chlorophyll during incubation in the dark, but actidione never inhibits it. The 
results of this experiment correspond closely with those of previous works,'”-”’ 
and support the theory that chloramphenicol inhibits the function of 70S ribosomes, 
and actidione interferes with the function of BOS ribosomes. Chlorophyll synthesis 
inhibited by chloramphenicol may be through the inhibition of the formation of 
enzymes used for synthesizing of an intermediate or a precursor of protochlophyl- 
lide, and this precursor may be ALA. The inhibition of chlorophyll synthesis by 
actidione may be indirect. The reduction of protochlorophyllide molecules may 
need some specific protein; synthesized in the cytoplasm. When the protein syn¬ 
thesis of cytoplasm is inhibited by actidione this leads to the shortage of the protein 
which is required for the reduction of protochlorophyllide molecules, and this causes 
the inhibition of chlorophyll synthesis. 

SUMMARY 

Chloramphenicol up to a concentration of 1 mg/ml did not either inhibit seed 
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germination or protein synthesis in the soybean seed, however, actidione at a con¬ 
centration of 2;ig/ml inhibited both protein synthesis and seed germination. Chlor¬ 
amphenicol inhibited chlororophyll synthesis via the protein synthesis system in the 
chloroplast which was insensitive to the inhibitor of SOS protein synthesis, namely 
actidione. These results, support the earlier findings of various investigators. 

The degree of inhibition of chlorophyll synthesis was greater depending on 
when the chloramphenicol was added. When added one or two hours after illumi¬ 
nation, inhibition was decidedly greater than when added after 3 or 5 hours of 
illumination (fig. 2). 

The degree of inhibition of chlorophyll synthesis by chloramphenicol was also 
different depending on the time of its addition in the dark period. Greater inhibi¬ 
tion was .observed when it was added at the beginning of dark period. In the case 
of actidione, such a inhibition was not observed. 
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